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ïBð Î§ñRÕHÎRÖO×LÖNÔ&ÓLÒRÑO×�Ø¿ÖWÙUÎR×QÓ>ÌIÔEò,Ó>Í ð Ú�ÛHÜCóEôIÏ�Ö�õ_Î�Ò.ÍMòBÑNöMö_Í�ÑOÏ5Í�ÎRÙ�ÎRÑOÏ5×>Ó>ÎRÏ0Í ð ÓLö0÷NÎ�ÑOÏMò,ÓQÍ ð Í ð Î ð Î.×>ôfÖOÐXÑVÔOÏ�Ñ&ÌWÍMÐ�Ï�ÖOø
Í ð Î¿ù�Ì�úWÓQÏ�ÖOÌUø�Î.ÌWÍ�Ñ&×Hû7ÎRö_Í�ÖOÏ�ÑOÍ5ÓLÖ&Ì�ôUÏ�Ö�õ5ÎRÒRÍ�ü ïBð Î¿ÔNÖOÑO×HÖOÐDÖOÐDÍ ð Ó>öPôUÏ�Ö�õ5ÎRÒ.Í@Ó>ö�Í�ÖfÙIÎ.ø�ÖOÌIö_Í5Ï�ÑOÍ�ÎeÍ ð Îeô8ÖOö5ö_Ó>ýUÓ>×QÓ>Í�÷mÖ&Ð
Ó>Ì�Í�ÎRÔOÏ�ÑOÍ5ÓQÌcÔ�ÕHÎ�ÖOÔOÏ�ÑOô ð ÓLÒ§Ë�ÌUÐjÖOÏ5ø�Ñ&Í5ÓLÖOÌ¯þ�÷ö_Í�Î.ø�ö�ÿ�Õ7Ë�þ����,ÔNÎ�Ö&ø�ÎRÍ5Ï5Ó>Ò§ø�Ö�ÙIÎ.×>ÓQÌIÔ ÿAÖOÏ\Ú�ÛHÜ��PÑOÌIÙ Ñ��UÍ�ÖOø�ÑOÍ5Ó>Ò§ø�ÎRö ð
ÔNÎ.ÌIÎRÏ�ÑOÍ5Ó>ÖOÌôUÏ�ÖWÒ�ÎRÙ��UÏ�Î�ö�Ó>Ìô ÖOÏ�Ö��Iö	�IÖ�ò ö_Ó>ø
�U×LÑ&Í5ÓLÖOÌIö�ÐjÖOÏ�Í ð Îeù�û Î�� ÖOÏ5ÍPÖ&Ð�;Û��� Ñ&ÌcÙÑO×Lö5Ö�ÔNÎ.ÌcÎ.Ï�ÑO×)ÔNÎ�Ö&×LÖNÔOÓ>Ò�Ñ&×
ø�ÖWÙUÎ.×>ÓQÌcÔ�ÑOÌIÙeö_ÓQø
�U×LÑOÍ5Ó>ÖOÌIöRü

ïBð Î§òBÖOÏ������cÖ�ò ÖOÐYÍ ð Î§ôIÏ�Ö�õ_Î�Ò.ÍEÓLöEÍ�Ö¦ÖOýUÍ�ÑOÓ>Ì ÙUÓ>ö5ÒRÏ�Î.Í�Î^ÙUÑOÍ�Ñ²Ð�Ï�ÖOø Õ7Ë�þmÍ�ÎRÑOø�ö��CÑ��UÍ�ÖOø�ÑOÍ5Ó>Ò�ÑO×Q×>÷àÒ�ÖOÌIö_Í5Ï��IÒ.ÍVÑ
ÔNÎRÖOø�Î.Í5Ï5ÓLÒCø�ÖWÙUÎ.×FÐ�Ï�Ö&ø Í ð ÓLö,ÙUÑOÍ�Ñ�ÑOÌIÙEø�ÎRö ð Í ð ÎDÔNÎ�Ö&×LÖNÔO÷��cö_ÓQÌIÔ�ÑOÌeÑ��UÍ�ÖOø�ÑOÍ5Ó>ÒDø�ÎRö ð ÔNÎ.ÌIÎRÏ�Ñ&Í�ÖOÏ�ü

Ë�ÍMòBÑNöYÙUÎRÒRÓ>ÙUÎ�Ù^Í ð ÑOÍMÍ ð Î�ø�ÖNö_ÍYÒ�ÖOÌ�ú�Î.ÌUÓLÎ.Ì�Í"ÑOÌIÙ��IÎ��WÓ>ýU×>Î�òBÑ�÷^ÖOÐXÖOýUÍ�ÑOÓQÌUÓ>ÌIÔ¿ÙUÑOÍ�ÑeÐ�Ï�ÖOø Í ð ÎJÕ7Ë�þ\òBÖOÏ��§òBÖ��I×>Ù
ý ÎJÓQÌ¦Í ð ÎJÐ�ÖOÏ5ø ÖOÐ�ñ5Í5Ï5ÓLÑOÌIÔ��U×LÑ&Í�Î�ÙUó^Ö&Ï�Ð�ÑNÒRÎRÍ�ÎRÙ²ö��UÏ5ÐjÑNÒRÎRöRü Ë�Ì²Í ð Ó>ö$ÐjÖ&Ï5ø���ö��IÏ5Ð�ÑNÒRÎ�ö�Ö&Ð7Í ð ÎEÔNÎRÖO×LÖOÔO÷ ÑOÏ�ÎEÙUÎRö5ÒRÏ5ÓQý Î�Ù
Ó>Ì§Í ð ÎYÐ�ÖOÏ5ø ÖOÐ�ÑOÌ§ÓQÏ5Ï�Î�Ô��I×>ÑOÏDÌIÎ.Í�òBÖOÏ��¿ÖOÐ�Í5Ï5Ó>ÑOÌIÔO×LÎRö��FÏ�ÎRÒRÍ�Ñ&ÌcÔ&×LÎRöDÖ&Ï0ÑJÒRÖOøYýUÓQÌcÑ&Í5ÓLÖOÌ^ÖOÐ�Í ð Î"Í�òBÖUü ïBð Î"ÌIÖWÙUÎ�öCÖOÐ�Í ð Î
Í5Ï5ÓLÑ&ÌcÔ&×LÎRö�Ö&Ï$Ï�ÎRÒRÍ�ÑOÌIÔO×>Î�ö$ÒRÖOÏ5Ï�ÎRö_ô8Ö&ÌcÙ Í�Ö\ÑNÒRÍ��IÑO×Bô ÖOÓQÌWÍ�ö$ÖOÌ²Í ð ÎJö��UÏ5ÐjÑNÒRÎJø�ÎRÑNö��UÏ�ÎRÙ²ÓQÌ¦Í ð Î��IÎR×>Ù8üfË�Ì²ÐjÖOÏ5ø$Ó>ÌIÔ\Í ð ÓLö
ÐjÑOÒ�Î.Í�Î�Ù$Ï�Î.ôIÏ�ÎRö5Î.ÌWÍ�Ñ&Í5ÓLÖOÌPÖOÐTÍ ð Î,ö��UÏ5ÐjÑNÒRÎ���Í ð ÎRÏ�ÎXø�Ñ�÷$ý ÎXòBÖOÏ�� ���IÖ�ò,ø
�U×>Í5ÓQôU×LÎ7Ò ð ÖOÓLÒRÎ�ö�ÐjÖ&Ï�ÒRÖOÌUÌIÎ�Ò.Í5ÓLÖ&Ìcödý8Î.Í�òBÎRÎRÌ�ÌIÖWÙUÎ�ö��
ö5ÖOø�ÎMÖOÐ4ò ð Ó>Ò ð ôUÏ�Ö�ú�ÓLÙUÎMÑ�ý8Î.Í5Í�Î.Ï7ÑOôUôUÏ�Ö!�WÓQø�ÑOÍ5ÓLÖ&ÌVÍ�Ö�Í ð ÎDÍ5Ï��IÎ0ö��IÏ5Ð�ÑNÒRÎMÍ ð ÑOÌeÍ ð ÎMÖOÍ ð Î.Ï�öRü ïBð ÎMÙUÎRÒRÓ>ö_ÓLÖOÌIö)Ï�ÎRÔNÑOÏ�ÙÓQÌcÔ
Í ð Î�ý8ÎRö_Í"Ò ð ÖOÓLÒRÎ@ÖOÐ,Ò�Ö&ÌIÌIÎRÒRÍ5Ó>ÖOÌIöMÍ�ÖVÏ�Î.ôUÏ�Î�ö5Î.Ì�Í"Í ð ÎPö��UÏ5ÐjÑNÒRÎPÑNöYÑNÒ�Ò��UÏ�ÑOÍ�Î.×>÷�ÑOöMô ÖNö5ö_Ó>ýU×LÎ ð ÑNöMý8ÎRÎ.Ìf×LÎ.Ð�ÍYÍ�ÖeÍ ð ÎJÕ7Ë�þ
Í�ÎRÑOøeü

ïBð ÎMÒ ð ÖOÓLÒRÎMÖOÐdÑ�ÔNÎRÖOø�Î.Í5Ï5ÓLÒ0ø�ÖWÙUÎ.×LÎ.Ï)ÓLö7Ò.Ï��IÒRÓ>ÑO×;Í�Ö�Í ð ÎMö��IÒ�ÒRÎRö5ö7ÖOÐ�Í ð Ó>ö)ôUÏ�Ö�õ5ÎRÒRÍ�ü ïBð Î0ÔNÎRÖOø�Î.Í5Ï5ÓLÒ0ø�ÖWÙUÎ.×LÎ.Ï"�Iö5ÎRÙ
ø
�Iö_Í ð Ñ�úNÎDÍ ð ÎCÐjÖ&×>×LÖ�ò,Ó>ÌIÔ�ÒRÑOôIÑOýUÓ>×QÓ>Í5Ó>Î�ö�#

$ üHÚ�ÑOôIÑOýUÓ>×QÓ>Í�÷@Í�Ö ð ÑOÌIÙ×LÎDÌIÖOÌ��Aø�ÑOÌUÓ>Ð�ÖO×LÙEø�ÖWÙUÎ.×Lö0ÿAÔNÎRÌIÎ.Ï�ÑO×lÒRÖOøYýUÓQÌcÑ&Í5ÓLÖOÌIö)ÖOÐ�ö5Ö&×>ÓLÙUö��cö��UÏ5Ð�ÑNÒ�ÎRö)Ñ&ÌcÙEÒ��UÏ5ú�ÎRö%��ü
& üHÚ�ÑOôIÑOýUÓ>×QÓ>Í�÷@Í�Ö ð ÑOÌIÙ×LÎDÐjÑOÒ�Î.Í�Î�Ù('�Í5Ï5Ó>ÑOÌIÔ��U×LÑOÍ�ÎRÙEö��UÏ5Ð�ÑNÒ�ÎRöRü
) üXû7ÖOý��Iö_Í)ôUÏ�ÖNÔOÏ�ÑOø$ø�Ó>ÌIÔ�Ó>Ì�Í�Î.Ï5ÐjÑNÒRÎCÍ�Ö$Í ð Î0ÔNÎRÖOø�Î.Í5Ï5ÓLÒCø�ÖWÙUÎ.×>ÓQÌcÔ*��Î.Ï5ÌIÎR×
+UüXû7ÎR×QÓLÑOýUÓQ×>Ó>Í�÷JÖOÐ4ö5ÖOÐ�Í�òBÑOÏ�Î

ÛàÌ��IøMý8Î.ÏBÖOÐ8ÔNÎRÖOø�Î.Í5Ï5ÓLÒ,ø�ÖWÙUÎ.×LÎ.Ï�ö�òBÎ.Ï�Î,Ï�ÎRúWÓ>ÎRòBÎRÙ�ÑOÌIÙ	�UÌIÑO×Q×>÷��WÍ ð ÎCþ ð ÑOô Î�ö�ÿ ï Ø,�-��Î.Ï5ÌIÎR×IÐ�Ï�Ö&ø/.�01. Ú�ÖOÏ5ôFü�òBÑOö
Ò ð ÖOö5ÎRÌVÑOöXÓ>ÍXø�ÎRÍ,ÑO×Q×FÍ ð ÎCÏ�Î324�UÓ>Ï�Î.ø�ÎRÌ�Í�ö,ÖOÐ;Í ð ÎCôUÏ�Ö&õ_Î�Ò.Í�ü ïBð Ó>ö,ö5ÖOÐ�Í�òBÑ&Ï�Î ð ÑNöXý8ÎRÎ.ÌeÖOýUÍ�ÑOÓQÌcÎRÙEÑOÌIÙJôIÏ�Î.×>ÓQø�Ó>ÌIÑOÏ5÷PòBÖOÏ��
ð ÑNöXý Î�Ô��IÌEÓQÌEÍ�ÎRö_Í5Ó>ÌIÔ$Ó>Í�öXÒRÑOôIÑOýUÓ>×>ÓQÍ5ÓLÎRö,ÑOÌIÙJÏ�ÎR×QÓLÑOýUÓ>×QÓ>Í�÷NüdË�ÌEÍ ð ÎHÌcÎ��WÍXÐ�ÎRò ø�ÖOÌ�Í ð ö,Í ð ÎDö5Ö&Ð�Í�òBÑOÏ�ÎDÒ�Ñ&ôcÑ&ýIÓQ×>ÓQÍ5ÓLÎRöXÍ�Ö$Í�Ñ���Î
Ó>ÌUÐ�ÖOÏ5ø�ÑOÍ5Ó>ÖOÌPÓQÌ@Ñ0Ð�ÎRòÐjÖOÏ5ø�ö�Ð�Ï�Ö&ø Õ7Ë�þ"Í�ÎRÑOø�ö�ÑOÌIÙPÑ��IÍ�Ö&ø�ÑOÍ5ÓLÒRÑO×Q×>÷�ÒRÖOÌ�ú�Î.Ï5Í�Ó>Í�Í�ÖMÑMÔOÎ�ÖOø�ÎRÍ5Ï5Ó>Ò)ø�ÖWÙUÎR×cÓQÌeþ ð ÑOô Î�ö�ò,Ó>×Q×
ý Î0ÙUÎ.ú�Î.×LÖOô ÎRÙFü

Ë�Ì�Í ð ÎEÌcÎ��WÍ�ø�ÖOÌ�Í ð �XòBÖOÏ��¦ÓLöPÎ��Wô Î�Ò.Í�ÎRÙ¦Í�Ö�ö_Í�ÑOÏ5Í@ö_ÓQø
�U×>Í�ÑOÌIÎRÖ��Iö_×>÷mÖ&Ì�ÓQÌcÒRÖOÏ5ô ÖOÏ�ÑOÍ5ÓQÌIÔ�ÓQÌ5� ð Ö��Iö5Î¿ÑOÌIÙmÎ��WÍ�Î.Ï5ÌIÑO×
ø�ÎRö ð ÔNÎRÌIÎ.Ï�ÑOÍ5ÓLÖ&ÌEÒ�ÖOø$ô8Ö&ÌcÎ.Ì�Í�öXÓQÌ�Í�Ö$Í ð Î$ü ïBð ÓLöBò,Ó>×Q×8ôIÏ�Ö�úWÓLÙUÎCÍ ð ÎCÐ�Ï�ÑOø�Î.òBÖOÏ��PÐ�ÖOÏ,Í�Ñ��WÓ>ÌIÔ$ö_ÓQø�ôU×LÎDÔNÎRÖO×LÖNÔ&ÓLÒRÑO×8ø�ÖWÙUÎR×>ö
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(a) Model

(b) Mesh of model

(c) Dimensional reduction
    due to edge collapse
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Á2±_²�Ì��¬bÍ�Î&¹�·wÏr¯�°�¬�ª�°�¼�Ðy¸"´�ª�ª�¬|°�«�±_Ñ�±�«y¼�Ò�Ó�¯w«��±_Å�®�´�B«�´�Ãg´�µ�´�²�±�°�¯�µ�¬�ª�«�±�«�±�¬�ÔE±_ªi²�¬�´�Ó�¬�«��±�°SÓ�´�·�¬�µ7ÐnÕ�Ö×È�Ò�Ø

Ù À�¬�²�¬|´�Ók¬�«��¼Ú´�®}®�¯�°�¬|Ô�±�Ôp·�¬�Û�ª�¬|·ÝÜ�¼Ú«��±�ÓkÓ�¬�·ÞÔrÌ��®�¯�°|¬�Ô�ßBÀ�±�°�ÀàÓ�¯u¼ÚÜg¬�¯�ª�¯�µ�¼�«�±�°�¯�µ�´�p®�¯�°�¬�«�¬�·áÐ	«��±�¯�ª�²�Ì�â
µ�¯w«�¬|·Jãu«�¬�Ô�Ô�¬�µ�µ�¯�«�¬�·JÒ�Ø"¿�±_Ók±�µ�¯��µ�¼�«�À�¬?²�¬�´�Ó�¬�«��¼�´�®�¬|·�²�¬�Ô"±_Ôm·�¬�Û�ª�¬�·�Ü�¼�Ô�¬�²�Ó�¬�ª�«�Ôm´�®�°�Ì��Ñ�¬�Ô"ßBÀ�±�°�À�Ó�¯|¼�Üg¬?¯�ª�¯�µ_¼�«�±_°|¯wµ
´��®�¯�°|¬�«�¬�·�Ø Ù À�¬�²�¬|´�Ók¬�«��¼ä´�®BÑ�¬��«�±_°|¬�Ôb±�ÔbÓ�¬��¬�µ�¼�¯�Ãg´�±_ª�«�±�ªåÔrÃ�¯�°�¬�Øæ¿�À�¬�µ_µ_Ô�¯�ª�·æµ_´�´�Ã�Ô�·�´�ª�´�«�À�¯uÑ�¬�²�¬|´�Ók¬�«��¼
¯�Ô�Ô�´�°�±�¯w«�¬|·pßB±�«�Àp«�À�¬�ÓçÔr±�ª�°�¬�«�À�¬�¼�¯��¬�ª�´�«BÃ�À�¼~Ôr±_°|¯�µ�¬�ª�«�±_«�±�¬�ÔBÜ�Ì�«B«�´�Ãg´�µ_´�²�±�°�¯�µ�¯�Ü�Ôr«��¯�°�«�±_´�ª�Ô�Ø

è é�êvë2ì�íEîðïbñäòbí?ï�óðíBô2ë�õ|ö÷óøï�ùví�ú|õ|ûpòýüeïbñ�ôgþ ÿ}ë&í � ÿ}ûiù ô��pí�õ�ë ü<êvõ�ô2ÿ��iõ|ú|õ�ôgî ñ�ïbë
òbí?ï�ú�ï�ò�õ|öEÿbú óðï�ùpí�ú|õ|ûpò � ô��ví�õ�ë�óðí�ü��võ|ûvòøÿ}ûiù ÿbûpÿbú�îpüeõ|ü��

³?±_Ñ�¬�ªbÜg¬�µ_´ußæ±_Ô2¯?·�¬|Ô�°��±_Ã�«�±_´�ª�´w®�«�À�¬"²�¬�´�Ó�¬�«��±�°7Ók´�·�¬�µ_¬��Ôe�¬�Ñ�±�¬�ßm¬|·�®	´�e«�À�¬7Ã�Ì��Ãg´�Ô�¬m´w®�Ü�Ì�±_µ_·~±_ª�²S²�¬�´�µ_´�²�±�°�¯�µ�Ó�´�·�¬�µ�Ô�Ø
Ù À�¬�®�¯�°�«�´��ÔB°|´wª�Ôr±_·�¬��¬�·p±_ªp«�À�¬�Ô�´�® «yßm¯��¬�ÔrÌ��Ñ�¬�¼�ßm¬��¬�Î

Ç�Ø�¸"¯�Ã�¯�Ü�±_µ�±_«y¼�«�´�À�¯�ª�·~µ�¬�ª�´�ª�ânÓ�¯�ª�±_®�´�µ�·v²�¬�´�Ó�¬�«��±�°SÓ�´�·�¬�µ�Ô�Ø
Ê�Ø�¸"¯�Ã�¯�Ü�±_µ�±_«y¼�«�´�À�¯�ª�·~µ�¬�®	¯�°|¬�«�¬|·Jãu«�¬�Ô�Ô�¬�µ_µ�¯w«�¬|·�ÔrÌ��®�¯�°�¬|Ô�Ø
	 ØE¾?´�Ü�Ì�Ôr«EÃ��´�²��¯�ÓkÓ�±_ª�²�±_ª�«�¬��®�¯�°�¬?«�´b«�À�¬�
�¬��ª�¬�µ*Ô�´b«�À�¯w«E«�À�¬�Ô�´�® «yßm¯��¬S°|¯wª�Üg¬�«�±_¬|·�±_ª�«�´�¬�Å�±�Ôr«�±�ª�²�Ó�¬�ÔrÀp²�¬�ª�¬��â
¯�«�±_´�ªvÔ�´�®�«yßm¯��¬�Ø

��ØBºS¬�Ók´�ª�Ôr«��¯�«�±�´�ªv´�®<�¬�µ_±_¯�Ü�±_µ_±�«y¼p¯wª�·p°�¯�Ã�¯�Ü�±_µ�±_«�±�¬�ÔBÜ�¼�¯�Ã�Ã�µ_±�°�¯�«�±_´�ªv±_ªp±_ª�·�¬�Ãg¬�ª�·�¬�ª�«?¯�Ã�Ã�µ_±_°|¯�«�±_´�ª�Ô�Ø
 Ø�¿�Ì�Ã�Ãg´��«s´�®<«�À�¬�¬|Ô�Ô�¬�ª�«�±�¯�µ�°�¯�Ã�¯�Ü�±_µ�±_«�±�¬�ÔBÜ�¼�²��´�Ì�Ãi´�s°�´�ÓkÃ�¯�ª�¼�´��g¬��±�ª�²k«�À�¬�Ô�´�®�«yßm¯��¬�Ø
Í�Ø�¸"´�Ôr«B«�´�Ã�Ì��°�À�¯�Ô�¬}¯�ª�·pÓ�¯w±_ª�«�¯�±_ªvÔ�´�®�«yßm¯��¬�Ø

����� ������������� ��!#"$�&%��(')�*�,+.-
Ç�Ø0/&1�231�46587:9<;>=@?BA.9DC�231FE G�9IHF4KJ*587:LNMO9<58A.4�PQARHFS�?(JUT�VXW

Y2¯��¯�Ô�´�µ_±_·�Ð Ù ¶�Òm±�Ô?¯k�´�Ü�Ì�Ôr«|É�Ã*´|ßm¬��® Ì�µe²�¬�´�Ó�¬�«��±�°�Ó�´�·�¬�µ_¬�s«�À�¯w«?À�¯�ÔBÜ*¬�¬�ªißB±�·�¬�µ�¼�Ì�Ô�¬|·v±_ªi«�À�¬�±�ª�·~Ì�Ôr«��¼p®�´�
Ó�¯�ª�¼�¼�¬|¯w�Ô}ª�´uß�Øp©y«�Ô}²�¬�´�Ó�¬�«��¼�·�¬�Û�ª�±_«�±_´�ª�É&²�¬|´�Ók¬�«��¼�Ó�¯wª�±�Ã�Ì�µ_¯�«�±�´wª�É<±�ÓkÃg´��«�°�¯�Ã�¯�Ü�±_µ_±�«�±�¬�Ô}«�´�²�¬�«�À�¬��ßB±_«�À
«�´�µ_¬��¯�ª�«�Ó�´�·�¬�µ_±�ª�²�¯�ª�·i«�À�¬}�¬�°|¬�ª�«�µ_¼p±_ª�«��´�·~Ì�°|¬�·iª�´�ª�ânÓ�¯�ª�±_®�´�µ�·�Ók´�·�¬�µ�±_ª�²�°�¯�Ã�¯�Ü�±_µ�±_«y¼vÓk¯�
�¬}±_«�¯�ª�±_ª�·~Ì�Ôr«��¼
µ�¬�¯�·�¬�b±_ªæ²�¬|´wÓ�¬�«��±_°�Ó�´�·�¬�µ�±_ª�²�Øv©y«b±�Ô�Ì�Ô�¬�·æ¯�Ô�¯>
�¬��ª�¬�µm´�®EÓ�¯�ª�¼ ¸"¹�º÷Ã�¯�°Z
�¯�²�¬|Ô}¯�ª�·æ´�«�À�¬��¯�Ã�Ã�µ_±�°�¯�«�±_´�ª�Ô
±_ª�°�µ_Ì�·~±_ª�²�Ó�¬�ÔrÀv²�¬�ª�¬��¯�«�´��Ô�Ø2©y«�ÔmÓ�¯�±_ªpÔrÀ�´��«�°|´wÓk±_ª�²�®�´�BÌ�Ô�¬S±�ªv²�¬�´�µ_´�²�±�°�¯�µ*Ó�´�·�¬�µ_±�ª�²�±_ÔE«�À�¯�«E«�À�¬�Ì�ª�·�¬��µ_¼�±�ª�²
²�¬�´�Ó�¬�«��¼�´�®gÓ�´�·�¬�µ�®	¯�°|¬�Ô�ÓbÌ�Ôr«7Ü*¬s¯�ª�¯�µ�¼�«�±�°�¯�µ�¯wª�·�°|¯wª�ª�´�«�Ü*¬B·�¬�Û�ª�¬|·kÜ�¼k¯�®�¯�°�¬�«�¬�·iÐ	«��±_¯�ª�²�Ì�µ�¯�«�¬�·JÒ<ÔrÌ��®�¯�°�¬|Ô�Ø

Ê�Ø0T\[(PZJ]=IJXEN1XMO9O1�7�^,_ZHFG�AR587`5ZC�9<_a4�PQARHFSb?(JNT�V�W
¹�¸7©�¿ Ð Ù ¶äÒ�±�Ô�«�À�¬�Ó�¯w±_ª×°�´�ª�«�¬�ª�·�¬��®�´��«�À�¬�Ãg´�Ôr±�«�±�´�ªå´�®?±�ª�·�Ì�Ôr«��¼�µ_¬|¯�·�¬��«�´cY2¯w�¯�Ô�´�µ_±_·*Ø ¹�¸7©�¿�±�Ô�¯�µ�Ô�´�¯
�´�Ü�Ì�Ôr«�¯�ª�·pÃ*´|ßm¬��® Ì�µe²�¬�´�Ó�¬�«��±�°�Ó�´�·�¬�µ_¬�?¯�ª�·p±�ÔsÌ�Ô�¬�·vßB±�·�¬�µ_¼p¯�ÔB«�À�¬b
�¬��ª�¬�µ�®	´�sÓ�¯�ª�¼�¸"¹�ºáÃ�¯�°Q
w¯�²�¬�Ôs¯�ª�·
¯�Ã�Ã�µ_±_°|¯�«�±_´�ª�Ô�Ø�¹�¸7©�¿i¯wµ�Ô�´�À�¯�Ô�Ôr«��´�ª�²p²�¬�´�Ó�¬�«��¼�·�¬�Û�ª�±_«�±�´wªä¯�ª�·zÓ�¯�ª�±�Ã�Ì�µ_¯�«�±�´�ª�°|¯wÃ�¯wÜ�±�µ_±�«�±�¬�Ô�Ø Ù À�¬�Ó�´�·�¬�µ�¬�|É
À�´ußm¬�Ñ�¬�|É�µ_¯�°Q
�Ô<«�À�¬m® Ì�µ_µ�®�Ì�ª�°�«�±_´�ª�¯�µ_±�«y¼}´�®�«�´wµ�¬��¯�ª�«2Ó�´�·�¬�µ_±_ª�²�¯uÑ�¯w±_µ�¯wÜ�µ_¬"±_ªdY2¯��¯�Ô�´�µ_±_·�Ø2¹�¸7©�¿�·�´�¬�Ô<À�¯uÑ�¬m¯S¶�¬�ÔrÀ
¿�Ì��®	¯�°�¬�¶�´�·~Ì�µ_¬kßBÀ�±�°�À�±_Ôb·�¬�Ôr±�²�ª�¬�·ä«�´�À�¯wª�·~µ_¬�®	¯�°|¬�«�¬|·�²�¬�´�Ó�¬�«��¼zßB±�«�Àäµ_±�Ók±_«�¬�·�°�¯�Ã�¯�Ü�±_µ�±_«y¼z®	´�}´�Ãg¬��¯w«�±�´�ª�Ô
«�À�¯�«k±�ª�°�µ_Ì�·�¬v¯�ª�¯�µ�¼�«�±�°�¯�µB²�¬�´�Ó�¬�«��¼æ¯�Ôkßm¬�µ_µnØ Ù À�¬�Ü�±�²�²�¬|Ôr«�´�Ü�Ôr«�¯�°�µ�¬�«�´�Ì�Ôr±_ª�²�¹�¸7©�¿�É&±�Ô�«�À�¯�«�±_«kª�´�µ�´�ª�²�¬�

e�Ì�ª�¬ 	 È~ÉJÊwÈ�È�È Çf� Â�¹?âIg?¾sâ¦È�ÈwâyÊXh  Í



ikj�lZman3oOpXqar`j.sut0m6v�wxv�s�rxq6p�w(yzv|{Nm6wDr`j.s}p8j {z~��0�

���N�N� v8n3l � l3�Nr �&� v|{ � wxmbp8j {�l3� manZm�p �N� m6p�n&lZvd�Rm�j.v�q �.� lZv � man �&�.� rDj s�l3�Nr �&� v|{ � wxm����0~�iZ��{.v�m ��� nZvf�|rx{Nm�o � wDw
pXq6qfm �3� lZv�l3�.m � v � nZqfm�q6v|{Nm0o�v�n�l3�.r ��� v|{ � wxmKp�j.{ � jNnZm � l3n3r`q6lZm6{un3rxs���l � lZv\r`l ���.� m������ manZmaoOv�nZm��Ul3�Nr ��� pf�u�RmKp�j
v � l3rxv8j>lZvdwxv�v��up�l&r`o�v�j.mK��m6nZmKlZvd� � r`wx{>v�j�l3�.mbma�|r � l3r`j.s � v � nZq6mbqfv|{Nm��

� �K�.�U�F�.�a d¡O¢�£�¢¥¤§¦8¨©� ªb«(�N¬�X®
�¯�.p � m �±° ��y³²(r � pKnZm6w`p�l3r`�¯maw`��j ma��maj�l3n3��rDj�lZv�l3�.m&sXm6v � mal3n3rxq � v|{Nmaw`r`j.s��¯man3j.m6w.p�nZmaj.pbp8j {�l3� manZmaoOv�nZm��.p ��� v � m
pX{U�8p�j�lZpXsXm � p�j.{�{Nr � pX{U��p8j|lZp�sXm � q6v ��� p�nZm6{�lZv0l3� m&v8wx{Nm6n��¯man3j maw � ���¯r`j.q6m�r`l�r � j.m6�b�Xr`l��.p � �Rmfmaj}{Nm � rxs�j.m6{�o´nZv �
l3�.mb�*m6s�rDj.jNrDj s�p � p}o � w`wBµ.mf{NsXm6{¶j.v�jN· � p8j.rDoOv�w`{zsXmfv � m6l3n3r`q � v|{Nm6w`m6n�qfp � p��Nw`m\v�o � r`�|rDj.s�lZv � v8wxvXs�r`qfp8w�maj�l3r`l3rxm �
v�o�p�j��u{Ur � maj � rxv�j °O�.� lZv � ²Q�����Nr � r � q6v�j�l3nZp � l&lZvdv�l3�.man � v|{Nm6w`m6n � �&�NrxqZ���.p@�¯m�pX{N{Nm6{>v8j�l3�.mKj.v�jN· � p�jNr`o�v�wx{
� v|{Nmaw`rDj s¶qfp � p8�.rDw`rDlk�¯�z¸±j¹l3�.m}v�l3�.m6n��.p�j.{*��rDl�r � j.v�l�p ��� p�l � nZm}p �\º p�nZp � v�w`r`{¹p�j.{¹�0~�iZ�,��r`l ���N» man � o´nZv �
nZmaw`rxp8�.rDw`rDlk� � nZv��Nwxm �}� p�j.{�wxpXqZ��v�o � v � mbm �3� maj�l3rxp�w�o � j.qal3rxv�j.p�wDr`lk�X�
���.m � p�r`j]oOm6p�l � nZm�v�ob�¯�.p � m � v�o � � m�oOv�n�sXm6v�wxv�s�rxq6p�w � v|{Nmaw`rDj s¼r � r`lf½ � p��Nr`wDr`lk�¾lZvc�.p�j.{Uwxm�oOp�qfmalZmf{ ��� n3oOpXq6m �
q6p�w`w`mf{u��ma�>sXm6v �}�K° r`j�r`l � lZm6n � rDj.v�wxvXs8� ²Q��ikl��.p � p�j�r �d� nZm �3� r`�Xm�wDr � l&v�oBq6p � p��Nr`w`rDl3rxm � {Nm � rxs�j.m6{�lZv\�.p�j.{Uwxm ��� qZ�
� v|{Nmaw �6¿

À ~�nZm6p�lZm���ma�¶sXm6v �}� o�nZv � p�wDr � l±v�o � v8r`j�l � p�j.{>q6v�jNj.mfqal3r`��r`lk�urDj.o�v�n � p�l3r`v�j
À¾Á p�j.{Uwxmbq6v � �Nr`j.p�l3r`v�j � v�o�l3n3r`p�j.s�wxm � p�j.{¶Â � p�{Nn3rDwxp�lZmanZp�w �
À ��m6� �\� w`l3r � w`m���m6�>sXmfv �}� lZvXs�m6l3�.man&lZvdo�v�n � p � �.m6wDw
À ¸±n3rxmaj|l§��m6��sXm6v �}� �&r`l3��nZm ��� m6qal�lZvbp � �.m6wDw � vbl3�.p�l�p � v�{.maw.nZm6s�rxv8j�qfp�j}�Rm&{.maÃNj.mf{�o�nZv � pbq6w`v � mf{ � �.maw`w
À yzp��¯m���ma�¶sXm6v � l3n3r`p�j.s � wxp�l3r`v�j �&� p�lZqZ�¶p�l&l3�.m�qfv ��� v�j¶m6{NsXm �
À¹Ä rDl�p � p�nZp � m6l3n3r`q ��� pXq6m}lZv¶p���m6�¾s�mfv �Å° p8w`l3�.v � s��Æ�¯m6n3�cv�o´lZm6jÆl3�.m � p �N� r`j.s¶�Rmalk��mfmajÆl3�.m}nZm6p�w�p�j.{
� p�nZp � mal3n3rxq ��� pXq6m � r � �¯man3��{Ur � lZv�n3lZm6{,²

À¾º man3oOv�n � �Rv|v�w`mfp�j>v � manZp�l3rxv8j � v�j���m6�>sXmfv �}�
À ��w`w`v@�Çp�qfq6m �3� lZvdl3�.m���ma�>sXm6v � p � pd�&�.v�w`mbv�n&lZvdl3�.m�rDj.{NrD�|rx{ � p�w�oOp�qfmal � l3�.p�l&oOv�n � l3� mK��ma�¶sXm6v �
À ��w`w`v@�Èl3�.mKo � w`w � m6l±v�o�s�mfv � m6l3n3r`q�Â � man3rxm �b° m6�|qfm � l � m6qfv8j {�{.man3r`�8p�l3rD�¯m � ²�v�j>��ma�¶sXm6v �}�

ÉÊ�NrDwxmKl3� mKnZmaw`rxp8�.rDw`rDlk��v�o�l3�.m � mbv � manZp�l3r`v�j �&� p�n3l3rxq � wxp�n3wD�ul3�.m � v|{UrDÃ q6p�l3r`v�j¶v � manZp�l3rxv�j � r � j.v�l � m6n3o�mfqalf�Ul3�Nr � r �
���do�p�n§l3� m � v � l�qfv ��� nZm6�.maj � rD�¯m � m6l�v�oRo � j.qal3rxv�j � p@�8p�rDwxp��Nwxm&o�v�n§� � rDwx{Ur`j.sN� � m � �Nr`j.s�p�j.{}p�j.p�w`�UËar`j.sbsXmfv8wxvXs�r`qfp8w
� v|{Nmaw � �

ÌN�0Í�¨Z¦FÎNÏ§Ð}Ñ�Ò3Ð0Ï§Ï§ÓÔ¡<Í&��¨3��Õ��aÖO¨F×IØ�Ù �QØF��ÚR¦8Û`¦ZÜ�Ýz¤§¦8¨©� ªb«(�N¬�X®
º nZv|Þ@ß�àbt�i)à0ß�ß§á�r � p�j.v�l3�.man � lZp8w`��p�n3l§r`j}l3�.m�Ã.mawx{}v�o � v8w`rx{ � v|{Nm6wDr`j.sbp�j.{�r ���.� mf{��&r`{Nm6wD��r`j�l3� m � m6qQ�.p�jNrxq6p�w
{Nm � r`s�j¾rDj.{ �.� l3n3�X�¶ikl�r � � p � mf{¹v�j¾l3�.m � �Nr`w`v � v � ���¹v�o � p�nZp � mal3n3rxqu{Nm � rxs�j¹�&�.m6nZm�v�j.m�qfp8j¾{.m � rxs8j]p8j¾m6j�l3r`nZm
� p�n3l�� p � mf{�v�j � p�nZp � m6l3n3r`qKnZmawxp8l3rxv�j � �Nr �.� p�j.{�l3�.maj>{Nm6q6r`{.m0�&�.p�l���p8w � m � v�o � p�nZp � malZm6n � p�nZm ��� r`lZp��Nw`mKoOv�n�l3� m
� v|{NmawI����w � vN�*l3�.m � v|{NmawxmanK�¯m6n3j.maw�r � nZm � v�n3lZm6{zlZvu�Rm � n3r � p�n3r`wD�zp¶~&�.t�lk� � m\�¯m6n3j.maw�p�wDl3� v � s8� º p�nZp � mal3n3rxq
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